Abstract. Three patterns of target-neighbor plant defoliation were imposed on a late-seral, perennial, C4-grass, Bouteloua curtipendula, in three long-term grazing regimes to determine the influence of selective defoliation on competitive interactions and species replacement in a semiarid savanna on the Edwards Plateau, Texas, USA. Short-term (3-yr) target plant defoliation did not significantly affect either tiller or plant responses in any of the three grazing regimes. Neighbor plant defoliation, either alone or in combination with target plants, produced a significant defoliation interaction with time for tiller number and basal area per plant, but not for tiller recruitment or mortality. The minimal effect of selective defoliation on the intensity of competitive interactions in this semiarid community indicates that selective grazing has a less definitive role in mediating herbivore-induced species replacement than it does in mesic grasslands and savannas. This interpretation is discussed within the context of long-term (45-yr) change in herbaceous vegetation associated with grazing in this community.
Introduction
Selective herbivory is capable of suppressing lateseral grass populations and contributing to species replacement in mesic grasslands of the true prairies ( Even though competitive interactions are generally assumed to mediate vegetation dynamics in semiarid communities (Fowler 1986 ), the intensity and duration of competitive interactions may be reduced by low resource availability (Fowler 1986 (Fowler , 1995 and extreme spatial- (Miller et al. 1995; and temporal heterogeneity (Moloney 1990; Goldberg & Novoplansky 1997) . A reduction in the intensity and duration of competitive interactions suggests that the effect of selective herbivory on competitive interactions may be diminished and overridden by abiotic variables in environments characterized by low and unpredictable resource availability (e.g. Grime 1979; Wilson & Keddy 1986 ). Climatic variability has been recognized to be a more important agent of vegetation change than grazing in various herbaceous communities (Milchunas et al. 1989; O'Connor 1991 O'Connor , 1994 Biondini et al. 1998) .
Intensive herbivory may compromise competitive ability and population persistence of perennial grasses by reducing tiller recruitment, tiller longevity, plant longevity, seed production and seedling establishment (Briske & Richards 1995) . Meristematic availability, including leaf and tiller initiation from apical meristems and axillary buds, respectively, is a critical variable determining herbivory tolerance in perennial grasses. A comparative investigation of a herbivory-tolerant and herbivory-sensitive C3-perennial bunchgrass by Caldwell et al. (1981) demonstrated that the ability to replace leaf area by rapid tiller initiation and development of leaves with low specific mass were more important than compensatory photosynthesis (Nowak & Caldwell 1984) or size of reserve carbon pools (Richards & Caldwell 1985) . Unfortunately, variation in species-specific herbivory tolerance is difficult to distinguish from that of herbivore-mediated competitive interactions in field settings (Caldwell 1984 ).
An experiment was conducted to evaluate the contribution of selective defoliation on competitive interactions and population persistence of a late-seral perennial grass, Bouteloua curtipendula var. caespitosa, in a semiarid savanna. Specific hypotheses tested were: 1. Tiller recruitment and mortality will be adversely affected by selective defoliation of B. curtipendula, but these variables will be relatively unaffected by uniform defoliation of both B. curtipendula and its immediate neighbors. 2. Selective defoliation of B. curtipendula will adversely affect tiller recruitment and mortality to a greater extent than tiller number and basal area per plant. 3. Selective defoliation of B. curtipendula will have a less adverse affect on plant and tiller variables in the more intensively grazed regimes because a greater proportion of the neighbors will be mid-seral, rather than late-seral species. The third hypothesis is based on the widely held assumption that late-seral species are more competitive than mid-or early seral species (Grime 1979 
Methods
Three defoliation patterns were imposed to test the importance of selective versus uniform defoliation on plant and tiller demography ofB. curtipendula. Defoliation patterns were: (1) defoliation of only the target plant; (2) defoliation of both the target plant and the five nearest neighbors; (3) defoliation of the five nearest neighbors, but not the target plant; and (4) a control treatment with no defoliation. Neighbor plants consisted of primarily late-seral species in the ungrazed regime and mid-seral species in the moderately and intensively grazed regimes. 15 target plants in each grazing regime were assigned to each of the three defoliation patterns and the control. Mid-grasses were manually defoliated to a height of 4 cm twice a year (May and October) with clippers and short-grasses were defoliated to a height of 2 cm to impose a comparable defoliation intensity on the shorter statured plants.
Whole Monthly mortality rate/tiller/plant was calculated similarly, except that the number of dead or missing tillers at time t were located in the numerator (Bullock et al. 1994 (Bullock et al. , 1996 .
Tiller replacement ratios were calculated to determine the net effect of tiller recruitment and mortality on tiller populations ( neighborhood defoliation pattern. Neighbor defoliation modified plant variables of B. curtipendula to the greatest extent in the ungrazed and moderately grazed regimes, but these variables were unresponsive to the same defoliation patterns in the intensively grazed regime.
Target plants A significant time x defoliation pattern interaction occurred in the moderately grazed regime when tiller number per target plant was significantly greater in the neighborhood than in the selective or uniform defoliation patterns during the last two sampling dates (Fig.  1B) . Target plant tiller number in the control was also significantly greater than those in the uniform pattern in May 1995. In the ungrazed regime, tiller number per target plant, averaged over all defoliation patterns, was significantly greater in October 1993 and May 1994 than it was in the following three sampling periods (Fig. 1A) 1A,B) . Tiller number per target plant was consistently low in all defoliation patterns in the intensively grazed community (Fig. 1C) .
Mean basal area of the target plant had a significant time x defoliation pattern interaction in the ungrazed regime. Basal area per target plant was significantly greater in the neighborhood than in the selective or control patterns in October 1995 ( Fig. 2A) . Mean basal area per target plant was significantly greater in the control compared to target plants in the selective pattern, after May 1994. Basal area per target plant, averaged across defoliation patterns, was significantly greater in May and October 1995 than in October 1993 or May 1994 in the moderately grazed regime (Fig. 2B) . Mean basal area per target plant increased throughout the investigation in both the ungrazed and moderately grazed regimes, but not in the intensively grazed regime ( Fig. 2A-C) .
Neighbor plants
Tiller number per neighbor plant exhibited a time x defoliation pattern interaction in all three grazing regimes (Fig. 3A-C) . Mean tiller number per neighbor plant was lower when neighbor plants were defoliated (neighborhood and uniform patterns) compared to when they were undefoliated (selective treatment and control) for all sampling dates in the ungrazed regime (Fig.  3A) and for the last two sampling dates in the intensively grazed regime (Fig. 3C) . In the moderately grazed 
Tiller variables
Cumulative tiller recruitment and mortality significantly (P < 0.10) increased each successive year as anticipated in all three grazing regimes (Fig. 5A-C) . In the ungrazed and moderately grazed regimes, cumulative recruitment exceeded mortality until October 1994 which resulted in a net increase in tiller numbers. However, by October 1995, cumulative mortality exceeded cumulative recruitment and tiller numbers decreased in these two grazing regimes. In the intensively grazed regime, cumulative recruitment never exceeded cumulative mortality which resulted in a net decrease in tiller numbers over the 3-yr investigation. Cumulative tiller recruitment in the intensively grazed regime was only 44 % of that in the ungrazed regime.
Tiller per tiller recruitment and mortality rates in 1993 were significantly greater (P = 0.09 for mortality in the moderately grazed regime) than in either of the following 2 years in all three grazing regimes (Fig. 6A-C Cohort survivorship, averaged across defoliation patterns, showed significant differences (P < 0.001) within regimes because of reduced survivorship of the May-1994 cohort compared to the October-1993 and October-1994 cohorts (data not shown). Median tiller ages of the various cohorts were similar in all three grazing regimes. Tiller cohorts had median ages of 9.5, 8.5, and 9.5 months in October 1993, May 1994 and October 1994, respectively.
Discussion
Selective defoliation had a minimal affect on competitive interactions and population persistence of this late-seral perennial grass in a semiarid environment. Consequently, all three of the original hypotheses were rejected. Selective defoliation ofBouteloua curtipendula did not adversely affect tiller recruitment and mortality to a greater extent than uniform plant defoliation (hypothesis 1), selective defoliation of B. curtipendula did not adversely affect tiller recruitment and mortality to a greater extent than tiller number and basal area per plant (hypothesis 2), and selective defoliation of B. curtipendula did not have a less adverse affect on plant and tiller variables in the more intensively grazed regimes because a greater proportion of the neighbors were midseral, rather than late-seral (hypothesis 3). Long-term grazing history had a greater affect on competitive interactions and population persistence of B. curtipendula than did short-term defoliation patterns because of the influence of long-term grazing on population structure of both target and neighbor plants in the intensively grazed regime.
Even though we were unable to statistically test differences among grazing regimes, the different re- Greater plant mortality in the intensively grazed regime supports the community level interpretation that herbaceous plant density is more strongly correlated with grazing intensity than it is with precipitation in this community (Fuhlendorf et Proximal axillary buds remain attached to the base of parental tillers for 18 -24 months, but only a small proportion (ca. 6 %) of these older buds grow out to form tillers. This interpretation of an age-induced reduction of tiller recruitment is consistent with the conclusion of Bullock et al. (1996) that grazing affects tiller demography of perennial grasses by altering the relationship between vital demographic rates and tiller age.
These data collectively indicate that long-term, intensive grazing has modified the population structure of this late-seral perennial grass to the extent that population responses to both herbivory and periodic drought have been altered in comparison to those in ungrazed or moderately grazed regimes. Plant and tiller demography were less responsive to herbivory, but plants encountered a greater probability of mortality during drought in populations characterized by a high density of small plants. Long-term species composition and population structure data from this community indicate that this modified population structure can be maintained for long periods and that these populations retain sufficient viability to reestablish dominance within several decades when grazing is eliminated or substantially reduced (Smeins et al. 1976; Fuhlendorf & Smeins 1997 ). Important ecological consequences of a herbivoreinduced transition in population structure may be to minimize the effect of selective herbivory on interspecific competitive interactions and to function as an avoidance mechanism to reduce the probability of localized population extinction in response to intensive long-term herbivory.
